The impact of direct oral anticoagulants (DOACs) on laboratory assays used for thrombophilia testing (e.g., antithrombin, protein S, protein C, lupus anticoagulant and activated protein-C resistance) is a well-known issue and may cause false-positive and -negative results. Therefore, the correct interpretation of tests that are performed in patients taking DOACs is mandatory to prevent misclassification and the subsequent clinical consequences. We aimed at evaluating the efficiency of a new and simple procedure (DOACStop ® ; Haematex Research, Hornsby, Australia) to overcome the effect of all DOACs in reallife settings and to assess the percentage of erroneous results due to the presence of DOACs on thrombophilia screening tests. For this purpose, 135 DOAC-treated patients (38 apixaban, 40 dabigatran, 15 edoxaban, and 42 rivaroxaban) and 20 control patients were enrolled. A significant drop in apixaban, dabigatran, edoxaban, and rivaroxaban plasma concentrations following the DOAC-Stop ® treatment was observed (74. 
Introduction
Direct oral anticoagulants (DOACs) including apixaban, dabigatran etexilate, edoxaban, and rivaroxaban are used worldwide since their approval in several thromboembolic disorders, including the treatment and secondary prevention of recurrent venous thromboembolism (VTE) and pulmonary embolism (PE) as well as the prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation (NVAF).
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The impact of DOACs on laboratory assays used for thrombophilia testing (e.g., antithrombin, protein S, protein C, lupus anticoagulant, and activated protein-C resistance [APC-R]) is a well-known issue and may cause false-positive and -negative results. [5] [6] [7] [8] [9] Therefore, the correct interpretation of results that are performed in patient taking DOACs is mandatory to prevent misclassification and the subsequent clinical consequences. Several strategies were proposed to minimize the impact of residual DOACs on coagulation assays: (1) the use of DOACinsensitive assays, (2) the addition of idarucizumab to the plasma sample (Praxbind, Boehringer Ingelheim) to specifically neutralize the in vitro activity of dabigatran, 10 or (3) missing one (for once-daily fixed-dose regimens) or two (for twice-daily fixed-dose regimens) DOAC intake in patients with low thromboembolic risk. 6 However, any interruption of anticoagulation will expose the patient to an increased risk of thrombosis and residual drug levels may still affect test results. 7 Thus, none of these approaches are considered optimal and a simple way to overcome the problem would be to remove DOAC from the plasma sample without influencing its coagulant property. The aim of this study was to evaluate the efficiency of a new and simple procedure (DOAC-Stop ® ; Haematex
Research, Hornsby, Australia) 11 to overcome the effect of all DOACs in real-life settings and to assess the percentage of erroneous results due to the presence of DOACs on thrombophilia screening tests.
Materials and Methods

Plasma Samples
The study protocol was in accordance with 
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Direct Oral Anticoagulant Measurement
Concentrations of dabigatran were estimated using one Ecarin chromogenic assay (STA-ECA-II, Diagnostica Stago), and concentrations of apixaban, edoxaban, and rivaroxaban with the corresponding procedure using the chromogenic assay (STA-liquid anti-Xa, Diagnostica Stago). All these procedures were performed on the STA-R MAX analyzer (Diagnostica Stago). The limit of quantification of the corresponding apixaban, dabigatran, edoxaban, and rivaroxaban assays were 15, 27, 20, and 25 ng/mL, respectively.
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DOAC-Stop ® Treatment
Thrombophilia screening tests were performed before and after the addition of adsorbent tablets (DOAC-Stop ® ; Haematex Research, Hornsby, Australia), according to the manufacturer's instructions and depending on the available plasma volume.
11 Briefly, one tablet of DOAC-Stop ® designed to adsorb
DOACs is added to 1 mL of plasma. Thereafter, the sample is gently mixed for 5 minutes and spun for 2 minutes at 2,000 g to precipitate DOACs with these adsorbent tablets. Finally, the supernatant supposed to be free from DOACs is collected to be further analyzed. The composition of DOAC-Stop ® is Haematex proprietary information. Concentrations of apixaban, dabigatran, edoxaban, and rivaroxaban were also assayed before and after the DOAC-Stop ® procedure. The DOAC-Stop ® treatment in plasma samples without DOAC or anti-Xa activity was found to minimally affect the aPTT and PT. ►Fig. 1). The residual level of each DOAC was lower than the limit of quantification of the corresponding apixaban, dabigatran, edoxaban, and rivaroxaban assays.
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The DOAC-Stop ® treatment was mostly effective to overcome the effect of DOACs on PTT-LA, dRVVT screen, and dRVVT confirm tests (►Table 1 and ►Fig. 2). False-positive results were observed only with LA tests (up to 75%) and fell to zero after the DOAC-Stop ® procedure, regardless of the DOAC considered (►Table 2). Significant differences following the DOAC-Stop ® procedure were also observed for the protein S (dabigatran, p ¼ 0.005) and antithrombin activity (apixaban and edoxaban, p ¼ 0.03 and p ¼ 0.01). However, differences obtained before and after the DOAC-Stop ® treatment were always below the RCV, whatever the DOAC tested. The clinical impact is therefore not relevant (►Fig. 2).
Except for rivaroxaban (p ¼ 0.98), a significant difference was observed for APC-R. The most obvious difference was pointed out in the dabigatran group (mean absolute difference of 2.0).
No significant changes were observed in the control group.
Discussion
Our observations confirmed that APC-R, PTT-LA, dRVVT screen, dRVVT confirm, and dRVVT ratio could be influenced by DOACs and that false-positive LA results were encountered with all DOACs. [5] [6] [7] 24 The DOAC-Stop ® treatment appeared to be an effective way to overcome the effect of DOACs on these aforementioned tests. Furthermore, the DOAC-Stop ® procedure did not significantly affect all thrombophilia screening tests in control patients. The impact of DOACs on these tests is a well-known issue, but the concentrations at which thrombophilia assays are impacted are not well defined yet and few data are available for edoxaban. Nevertheless, it is not recommended to perform LA testing in patients taking DOACs, as these may cause false-positive results in a concentration-dependent manner. 8, 25 It is recommended to stop taking DOACs at the time of thrombophilia testing (for at least 2 days or at trough concentration) to overcome the interference. 
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Abbreviations: APC-R, activated protein-C resistance; dRVVT, dilute Russell's viper venom time.
Notes: The minimal, median, and maximal DOAC concentration is indicated in the first line of the Third, the number of false-positive values was higher for dRVVT screen compared with PTT-LA and dRVVT ratio whatever the DOAC considered (►Table 2). These observations are consistent with recent publications showing that the dRVVT screen is the most sensitive test to the presence of DOACs. 24, 25 False-positive results for all LA tests (PTT-LA, dRVVT screen, dRVVT confirm, and dRVVT ratio) were encountered regardless of the DOAC considered. Except for rivaroxaban, differences between dRVVT ratio values before and after the DOAC-Stop ® treatment (dRVVT screen/dRVVT confirm) were all included in the RCV interval found in the literature. This must be explained by the fact that both dRVVT screen and dRVVT confirm are influenced by DOAC's presence in a proportional way. Therefore, a normal dRVVT ratio does not exclude the interference of DOAC. Proteins S and C may be measured by three different methods: clot-based, antigenic, or chromogenic. Only clot- Evaluation of the DOAC-Stop ® Treatment Favresse et al. e206
based methods would be affected by DOACs. 5, 6, 8, 24 As we have used an antigenic assay for protein S and a chromogenic assay for protein C, it explains that the results were not overestimated before the DOAC-Stop ® treatment. It is also reassuring to note the absence of significant difference after the DOAC-Stop ® procedure when applied on the controls which suggests that this product could be used without affecting both proteins S and C. This information is useful for practical reasons, as we showed that the DOAC-Stop ® treatment does not require slitting the sample into two aliquots (one treated and the other not treated by DOACStop ® ).
The APC-R methods based on the aPTT and using factor Vdeficient plasma are mostly affected by all DOACs. 5, 6, 24, 31 However, it is known that rivaroxaban does not interfere with the Pefakit APC-R factor V Leiden (prothrombinasebased assay) used in this study, 6, 32, 33 while the dabigatran and edoxaban do. 8, 34, 35 Accordingly, we found a significant decrease following the DOAC-Stop ® procedure for dabigatran (ratio from 6.6 to 4.6, p < 0.0001) and to a lesser extent for edoxaban (ratio from 4.5 to 4.2, p ¼ 0.001). No significant decrease was found for rivaroxaban (►Table 1 and ►Fig. 2). Interestingly, the DOAC-Stop ® treatment did not decrease the APC-R of patients taking apixaban. The antithrombin activity is not affected by the presence of direct Xa inhibitors (apixaban, edoxaban, and rivaroxaban) when measured with a thrombin-based assay. [5] [6] [7] 36 As observed for protein S and C, the DOAC-Stop ® procedure did not significantly affect the antithrombin activity given that we used a thrombin-based assay. [5] [6] [7] 36 Although we used a thrombin-based antithrombin assay, no significant difference for dabigatran following the DOAC-Stop ® treatment was observed. According to the in vitro study of Douxfils et al, dabigatran started to interfere with antithrombin at higher concentration (>100 ng/mL) in a thrombinbased assay. 37 The median concentration of our patient samples for dabigatran was quite low (73.5 ng/mL) and may therefore explain the absence of significant difference after the DOAC-Stop ® procedure. 
Conclusion
This real-life study confirms that thrombophilia assays are frequently influenced by the presence of DOACs. The importance depends on the DOAC and on the assay considered. Moreover, the DOAC-Stop ® adsorbent procedure appeared to be an effective and simple way to overcome the interference of DOAC on coagulation tests. Our findings should facilitate the interpretation of thrombophilia screening tests in patients taking DOACs and we suggest the use of the DOAC-Stop ® treatment in clinical practice to avoid potential misclassifications and clinical consequences. Evaluation of the DOAC-Stop ® Treatment Favresse et al. e207
